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COMPARISON OF USEFULNESS BETWEEN
VARIABLE NUMBERS OF TANDEM REPEATS (VNTR) ANALYSIS AND
RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLP)
IN THE GENOTYPING OF MYCOBACTERIUM AVIUM
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'Isamu SUGAWARA, *Masao OKUMURA, *Yuka AZUMA, *Mieko GOTO,
and *Noriko TSUNEMATSU

Abstract [Objectives] Comparison of usefulness of 1S/245
RFLP and VNTR in M. avium genotyping.

[Materialsand methods] Thirty-six cases (35 strains) from
sputum and BALF and twelve cases (29 strains) isolated from
blood of HIV-infccted patients were used. VNTR and RFLP
using 187245 were performed.

* [Result] Multiple samples were taken from 16 patients
and 52 clinical isolates were used for VNTR and RFLP for
comparison. (1) VNTR and RFLP results were identical in 12

out of 16 cascs whose samples were collected several limes, (2)

Eight isolates were obtained from one patient. In this eight
isolates, there were the cases of M. avium polyclonal infectiori
and of mixed infection with M. intracellulare. VNTR patterns
were two types and RFLP were 5 kinds of different in this
case. (3) VNTR palléms of six isolates from one HIV-infected
patient were identical, but there were three variations in RFLP
pattems.

There were three cases of mixed infections with M. nuber-
culosis or M. intracellulare, and six strains polyclonal infection
of M.avium (7.1%) in 84 isolates. These 6 clinical isolates
were derived from sputum or BALF (5 strains) and HIV-
infected blood (one strain).

VNTR patterns were similar in four pairs (9 strains) who
did not contact closcly, but they were distinguished clearly
by RFLP. Seventeen strains had three or less [S/245-related
bands in RFLP.analyses of 89 strains.

[ Discussion] As there is a possibility of polyclonal infection
with M. avium and mixed infection with other species, the
single clonal infection should be confirmed first by VNTR.
When single colony was obtained, VNTR and RFLP were
performed for genotyping of M. avium. Furthermore, strains
with less bands by RFLP should be carefully judged in terms
of both VNTR and RFLP. It is recommended that the
specimens should be collected from each patient several
times.

Key words: Mycobacterium avium, Variable Numbers of
Tandem Repeats (VNTR), Restriction Fragment Length Poly-
morphism (RFLP), Polyclonal
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Using 243 Mycobacterium tuberculosis isolates obtained in 2001 in Osaka City, Japan, the
discriminatory power of variable numbers of tandem repeats (VNTRs) of 12 standard
mycobacterial interspersed repetitive units (MIRUs) was assessed. The biggest cluster defined by
MIRU-VNTRs consisted of 57 (23.5 %) isolates and they belonged to the Beijing family based on
spoligotyping. When additional VNTR loci were included in the MIRU-VNTR analysis, the 57
originally clustered strains were further differentiated by the addition of Queen’s University Belfast
(QUB)-VNTRs, but not exact tandem repeat-VNTR. The allelic diversity of additional VNTR loci
such as VNTR 3232 (QUB-3232), VNTR 2163a (QUB-11a), VNTR 2163b (QUB-11b) and
VNTR 1982 (QUB-18) was high in the 57 strains. When the 243 M. tuberculosis isolates were
analysed using 16-locus VNTR (the 12 standard MIRUs and the 4 QUB loci) and IS6770 RFLP,
the respecﬁve Hunter—Gaston discriminatory indexes were 0.9966 and 0.9971. The .
discrimination power of 16-locus VNTR was equal to that of IS6770 RFLP analysis. If appropriate
loci are added to the standard MIRU analysis, VNTR genotyping could be a valuable tool for strain
typing and epidemiological research of M. tuberculosis in Japan.

INTRODUCTION

Tuberculosis (TB) remains a major public health threat to
the world population. The gold standard method for
molecular epidemiological analyses for TB is 156110 RFLP
Southern blotting (Cave et al., 1991; Kremer et al., 1999;
van Embden et al., 1993). However, it has-some limitations,
such as the long time.for culturing TB bacilli, technical
difficulties and -the troublesome comparison - of -data
obtained at different laboratories. Therefore, some alter-
native strategies and methods for epidemiological analysis
of TB have been evaluated and reported recently.

Spoligotyping is the most popular PCR-based molecular
analytical method in many countries (Kamerbeek et al,
1997). Nevertheless, this method is not informative for
Mycobacterium tuberculosis Beijing family strains because

Abbreviations: ETR, exact tandem repeat; HGD!, Hunter-Gaston
discriminatory index; MIRU, mycobacterial interspersed repetitive unit;
QUB, Queen's University Belfast; TB, tuberculosis; VNTR, variable
numbers of tandem repeat.

A table of VNTR profiles for the strains is available as supplémentary
material with the online version of this paper.

almost all strains in this family share an identical
spoligotyping pattern (Glynn et al, 2002; Kremer et al,
2004). Variable numbers of tandem repeat (VNTR) typing
is also PCR-based. It amplifies various loci of minisatellites
on a genome and enumerates their units as a molecular
marker (Supply et al, 2000). In some reports, the
discriminatory capacity of VNTR typing with 12 myco-
bacterial interspersed repetiti\fe units (MIRUS) is compar-
able to that of 1S6110 RFLP in North America and Europe
(Blackwood er al., 2004; Mazars et al., 2001). The Centers
for Disease Control and Prevention (CDC) in the USA
have adopted it as a standard typing method (Cowan et al.,
2005; CDC, 2004).

Although convenient genotyping of M. tuberculosis isolates
has been achieved, the 12-locus MIRU-VNTR has yielded
insufficient discrimination for Beijing strains. Therefore,
analyses of various additional VNTR loci for such isolates
have been undertaken (Kam et al., 2006; Kremer et al.,
2005b; Nikolayevskyy et al., 2006; Surikova et al., 2005).
Recently, novel standards, 15- or 24-loci MIRU-VNTR
methods, were proposed based on analyses of strains from
cosmopolitan origins (Supply et al., 2006).
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Beijing/W family has been reported to be predominantly
spread throughout eastern Asia (Chan et al, 2001; van
Soolingen et al., 1995). These strains are also present across
former Soviet Union countries (Nikolayevskyy et al., 2006)
and other areas, like the USA (Bifani et al, 2002). For
application of the VNTR method to epidemiological
analysis of M. tuberculosis in Japan, we performed 156110
RFLP typing, spoligotyping and 12-locus standard or some
additiona! locus VNTR analyses. These data might be
useful to select appropriate VNTR loci for the genotyping
of M. tuberculosis in Japan.

METHODS

Bacterial strains and DNA isolation. A total of 243 M. tuberculosis
strains were collected at the Department of Microbiology, Osaka City
[nstitute of Public Health and Environmental Sciences, from culture-
confirmed pulmonary TB patients who were reported to the public
health centre of Osaka, Osaka City, Japan, between January 1 and
December 31 2001. All the available isolates collected in the period
were used for this study. They were obtained mainly from three
hospitals and two medical centres in Osaka. The mean incidence of
TB in Japan is 27.9 per 100000 population, but the incidence is much
higher in Osaka City (82.6 per 100000 population). Mycobacterial
genomic DNA was prepared from bacteria grown on Ogawa medium
using a combination of phenol/chloroform extraction and mechanical
disruption. The DNA concentration was estimated using uv
absorbance at 260 nm; then it was adjusted to 20 pg ml~ '

Molecular typing methods. 1S6/10 RFLP typing was performed
according to a standardized protocol (van Embden et al., 1993). The
band patterns were analysed using dedicated software {Molecular
Analyst; Bio-Rad Laboratories). The spoligotyping method
(Kamerbeek et al., 1997) was also performed according to a standard
protocol (Molhuizen et al, 1998), except for the use of positively
charged nylon membranes and DIG-labelled probes (Roche
Diagnostic Systems) in place of biotin-labelled probes.

For this study, VNFR typing was performed with Ex Tagand GC PCR
buffer | (TaKaRa Holdings). The sequences of the primers for
amplification of 12 loci of MIRUs (MIRU-02, 04, 10, 16, 20, 23, 24,
26, 27. 31, 39 and 40), 4 loci of exact tandem repeats (ETRs) (ETR-A,
B, C and F) and 8 loci of Queen’s University Belfast (QUBs)-VNTR
(QUB-11a, L1b, i5, 18, 23, 26, 1895, 3232 and 3336) were selected
according to descriptions in other studies (Frothingham & Mecker-
O'Connell, 1998; Kremer et al., 2005b; Skuce et al., 2002; Supply et al.,
2001). The PCR mixture was prepared in a 20 ul volume with 1 x GC
PCR buffer I, 0.005 U Ex Tag, 200 pM each of the four dNTPs, 0.4 pM
each primer set and 10 ng template DNA. The PCR conditions were
as follows: initial denaturation at 95 °C for 10 min, and then 35 tycles
of 95 *C for | min, 60 °C for | min and 72 °C for 1 min.

VNTR analysis of amplified DNA fragments. The sizes of
amplified DNA fragments were determined using capillary array
electrophoresis  analysis equipment  (i-chip  SV1210; Hitachi
Electronics Engineering). Using this equipment, sizes of DNA
fragments were calculated digitally in six minutes. Their respective
copy numbers were calculated from their size and assigned according
to the number of repeats for each locus, and in agreement to
published allelic tables (Supply et al, 2001) or as described elsewhere
(Frothingham & Meeker-O’Connell, 1998; Kremer et al, 2005b;
Skuce ¢t al., 2002; Supply et al., 2001). The accuracy of calculation was
determined through comparison with a DNA ladder, as a fragment-’
size standard, and confirmed through analysis of H37Rv.

Allelic diversity and discrimination. The allelic diversity (/) at each
VNTR locus was calculated using the equation =1 —¥x?, where x; is
the frequency of the ith allele at the locus, as used in previous works
(Kremer et al, 2005b; Sun et al, 2004). The Hunter—Gaston
discriminatory index (HGDI) was calculated in accordance with a
method, explained in another paper, to evaluate the combination of
some VNTR loci (Hunter & Gaston, 1988).

RESULTS

Genotyping analyses of total isolates

All the 243 isolates were analysed using spoligotyping,
MIRU-VNTR and 1S6110 RELP analyses. The numbers of
clusters observed when performing 156110 RFLP and 12-
loci MIRU-VNTR were roughly equal (27 in RFLP and 28
in-VNTR) (Table 1). However, the respective percentages
of clustering isolates by RFLP and VNTR analyses were
30.9 and 70.8 %. The biggest cluster sizes were 7 (2.8 %) for
RFLP and 57 (23.5%) for 12-locus MIRU-VNTR. The
respective HGDI values of MIRU-VNTR and 156110 RFLP
were 0.928 and 0.997. The discriminatory power of
spoligotyping was lower (0.585), in the population, because
it had no discrimination on 154 (63.4 % of strains) Beijing
genotype isolates that shared an identical spoligotyping
pattern. Moreover, 39 isolates were identified as Beijing-
like strains based on the definition in a spoligotyping
pattern proposed previously (Kremer - et al, 2004;
Supplementary Table St available with the online journal).

Analyses of 57 MIRU-identical isolates

Analyses by spoligotyping and MIRU-VNTR showed that
the 57 isolates in the biggest MIRU-VNTR defined cluster
b;longed to the Beijing family (Supplementary Table S1
available with the online journal) and possessed identical

Table 1. Comparison of the discriminatory power of three molecular typing methods in 243 M. tuberculosis strains from Osaka City

. - . .‘
Typing method Total no. of type No. of unique No.of - No. of clustered Maximum no. of isolates HGDI*
patterns  ° types clusters isolates (%) in a cluster * )
1S6110 RFLP . 195 168 27 ) 75 (30.9) 7 . 0.997
Spoligotyping 38 25 i3 218 (89.7) = o 154 : © 0.585
- 12-loci MIRU-VNTR : 99 71 28 . 172 (70.8) : 57 . - 0.928
*HGDI was calculated as described by Hunter & Gaston (1988).
http://jmm.sgmjournals.org 1053
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Table 2. The allelic profiles of each additional VNTR locus in 57 MIRU-identical strains

VNTR locus No Copy no. of repetitive unit(s) h index* .
amplification
1 2 3 4 5 6 7 8 9 10 I 12° 13 14 15 16 and overt

VNTR 2165 (ETR A) : 1 3 1 32 ' 0.164
VNTR 2461 (ETR B) 2 51 3 1 0132
VNTR 577 (ETR C) 57 0.000
VNTR 3239 (ETR F) 1S 6 47 3 0.306
VNTR 2i63a (QUB-11a) | 16 1 5 23 | 10 0.740
VNTR 2163b (QUB-11b) 4 5 3 9 13 17 5 1 0811
VNTR 1982 (QUB-18) : o : ' 6 19 1 28 3 0.633
VNTR 1612 (QUB-23) 155 1 0.068
VNTR 4052 (QUB-26) 2 2 3 4 8 1 0.457
VNTR 1895 (QUB-1895) s 52 0.160
VNTR 3232 (QUB-3232) 2 2 1 9 6 14 8 15 0.851
VNTR 3336 (QUB-3336) 1 3 1 4 5 5 0.438

*h index represents the allelic diversity of each locus, calculated as described in Methods. .
1The number of strains that had more than 16 copies in the locus are represented all together in this column.
$The deletion of 3'-terminal 24 bp of a unit, which is present in nearly all isolates, was absent from this isolate.

MIRU genotypes (223325173533, sequentially in MIRU
locus number). M. tuberculosis strains with this specific
MIRU genotype accounted for 29.5% (57/193) of the
Beijing and Beijing-like strains in Osaka. Using these
MIRU-identical isolates, we analysed the discriminatory
abilities of other VNTR loci. From the /1 index, high allelic
diversity among the 57 strains was observed at VNTR 3232
(QUB-3232),- VNTR 2163a (QUB-11a), VNTR 2163b
(QUB-11b) and VNTR 1982 (QUB-18) (Table 2). On the
other hand, the four ETR loci that were the standard loci of
additional VNTR analyses were insufficient to discriminate
these strains and offered a low allelic diversity in this
cluster (showing an h index of 0 for ETR C and 0.306 for
ETR F). Using our PCR conditions, the locus VNTR 3155
(QUB-15) could not be amplified (data not shown).

Assessment of the combination of additional
VNTR loci '

To confirm the combination of four QUB loci (VNTR
3232, VNTR 2163a, VNTR 2163b.and VNTR 1982) as an
additional VNTR loci set, their genotypes were compared
with 1S6110 RFLP analysis in 57 MIRU-identical strains.
Among |1 clusters defined by the 4 QUB loci, 7 clusters
were completely consistent with clusters identified using
[S6110 RFLP analysis (data not shown). Isolates in each of
the remaining four clusters showed nearly identical RFLP
patterns (Fig. 1). A one band difference was observed in
three clusters (clusters A, B and C) and the isolates in the
remaining cluster D showed a two band difference. The
discriminatory. power of these four additional loci was

Cluster A Cluster B

3177
3151

Cluster C

Cluster D

2305
3130

1 3179

~
wn
o
N
ol

a
¥

((6

iy

Fig. 1. Differences of IS67710 RFLP in isolates
sharing the same QUB(4)-VNTR genotype.
1IS6110 RFLP genotypes were compared for
four clusters (A, B, C and D) that represented
the same QUB(4)-VNTR types but different
IS6110 RFLP types in 57 MIRU-identical
strains. Arrowheads indicate the differences
in band pattern(s) of respective clusters.
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Table 3. The allelic profiles of four candidates for additional VNTR loci in 243 M. tuberculosis strains from Osaka City

VNTR locus No Copy no. of repetitive unit(s) . h index*
amplification

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 and overf

VNTR 2163a (QUB-11a) 13 24 9 22 3 22 102 35 1 , ' 12 0.772
VNTR 2163b (QUB-11b) 7 2 27 21 25 26 56 62 9 5 2 1 0.837
VNTR 1982 (QUB-18) 2 8 9 2 23 5 16 51 16 104 7 0.751
VNTR 3232 (QUB-3232) 5 1 28 7 6 39 13 6

26 20 35 25 59 0910

*h index represents the allelic diversity of each locus, calculated as described in Methods.
tThe number of strains that had more than 16 copies in the locus are represented all together in this column.

confirmed by analysing the remaining strains from the hyper-variability (Supply et al, 2006). In our data, VNTR
collection (186 isolates). The diversity of 4 loci, which 2163a and VNTR 2163b could not be amplified from 13
offered high allelic diversity in 57 MIRU-identical strains, and 7 isolates (5.3 and 2.9% of strains), respectively.
was also high in the.243 total strains (Table. 3). We Moreover, 59 isolates (24.3 %) had copy numbers greater
performed 16-loci VNTR [MIRU(12)+ QUB(4)] analyses than 16 for VNTR 3232 (Table 3). These results pose a
for the remaining 186 TB isolates to assess the efficiency of problem for the reliable sizing of amplicons and efficient
the addition of 4 loci to MIRU-VNTR. The VNTR profiles allele assignment. However, in agreement to the results
of all 243 isolates are listed in Supplementary Table S! obtained, VNTR analyses of hyper-variable loci might be
available with the online journal. The respective percen: useful in some cases to discriminate W-Beijing strains that
tages of clustering isolates by RFLP and VNTR analyses possess high clonality. Oelemann et al.- (2006) used a
were 30.9 and 36.6 %. The maximum cluster sizes of these combination of novel optimized VNTR and spoligotyping,
analyses were seven for RFLP and eight for VNTR (Table 1, which might be inappropriate for discrimination of strains

4). The HGDI values were similar (0.9971 for RFLP and of Beijing family.

0.9966 for VNTR). Our data showed that 193 isolates (79.4 % of the strains)

were Beijing family strains, suggesting that such strains are

’ ' ) ' . prevalent inJapan, as in other East Asian aréas (Bifani et al,
D-SCUSSION - 2002; Chan et al, 2001; van Soolingen et al, 1995). The
The search for more appropriate genetic markers for the discrimination by 12-loci MIRU-VNTR was low in Osaka
discrimination of M. tuberculosis isolates has led to the because of the high prevalence of Beumg strains. This result
evaluation and selection of additional VNTR loci desig- indicates that, at least, 12-locus MIRU-VNTR is of limited
nated ETRs, QUBs, Mtub and other loci (Kremer et al, value as a genotyping method of TB in Japan. We selected
2005a; Le Fleche et al, 2002; Roring et al, 2002, 2004; four QUB loci (VNTR 3232, VNTR 2163a, VNTR 2163b
Skuce et al., 2002; Smittipat et al, 2005; Warren et al, and VNTR 1982) that offered high allelic diversity, within
2004). For discriminating Beijing strains, a high efficiency the cluster, to adapt MIRU-VNTR analysis as a promising
of VNTR loci showing hyper-variability, such as some genotyping method for TB in Japan. The allelic diversity of
QUBs, has been reported (Kam et al., 2006; Kremer et al., these loci was consistent with that described in other
2005b; Nikolayevskyy et al., 2006; Surikova et al, 2005). reports related to analyses of Beijing $trains (Kam et al.,
The proposed optimized MIRU-VNTR typing excludes 2006; Kremer et al., 2005b; Nikolayevskyy et al, 2006;
these loci because of their size allele designation and Surikova et al., 2005).

Table 4. The discriminatory power of 16-loci VNTR [MIRU+QUB(4)] in 243 M. tuberculosis strains from Osaka.City

Typing method' Total no. of type  No. of unique No. of No. of clustered Maximum no. of HGDI*
patterns types clusters . isolates ( %) isolates in a cluster
MIRU+QUB(4) VNTR} = 188 ) 154 34 89 (36.6) 8 0.9966

*HGDI was calculated as described by Hunter & Gaston (1988). :
+QUB(4) VNTR included QUB-11la, QUB-11b, QUB-18 and QUB-3232. According to new nomenclature, these are equwalent to VNTR 2163a,
VNTR 2163b, VNTR 1982 and VNTR 3232, respectively..

http://jmm.sgmjournals.org ' 1065
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The QUB(4) loci were highly discriminatory in the 57
MIRU-identical clustered Beijing isolates, the performance
was almost equivalent to that of 1S6110 RFLP. The clusters
A, B and C in Fig. 1 showed only one band difference in
1S6110 RFLP. These clusters are therefore likely to
represent transmission clusters. These clusters were also
consistent with MIRU(12) +QUB(4) defined clusters,
suggesting the usefulness of the addition of QUB(4)
VNTR typing in defining transmission clusters. In all of
the 243 strains, the cluster analysis and the discriminatory
power of MIRU(12) + QUB(4) were comparable to that of
1S6110 RFLP (Table 4). These results demonstrated that the
VNTR method can be used as an alternative for 1S6110
RFLP typing in Japan.

Our approach for evaluating an alternative VNTR set, as a
genotyping marker system for TB surveillance, was the
addition of optional loci to a standard loci set to
supplement its low discriminatory power for Beijing family
strains. Such a strategy might facilitate both international
comparison of epidemiological information and .local
discrimination of endemic isolates such as strains of the
Beijing family.
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%Vﬁ TP FETAIEEEATREZE TR
ATHIEIENREPRILT S, LHrL, BE
- RPHTNCEED IS T e S, BEFEOBER
BB A EORBREIL K B C oo ot EA it
TrLV. fRAREVFRELNLIBEHROEEN,L LS
BE L 7RSS, BBk EZHER T A7200
Fe LT, 77—V 2fFo R ORIGIED
1990 £ ICHE stz KT, BET L RIBIE
DIT—=WVFRY »¥F—FlhoTwbiEARY
(IS) %FH L 7-HIREERMA KSR (restriction
fragment length polymorphism, RFLP) 4 #7i#25%
Hahi, Co0L) eaFRENBINECRHETYT
52 LT, FHITE Lo R CESRALT
BT HED ZREMICEEHT L EXREL
%ol

HEFbLN TR LHBEED I AKX T
FE e LTid, ORFLP 94, @QAKRY) T4
¥y 7k, @QRIERYIZE! (variable numbers of
tandem repeats, VNTR) 3 #7i&: 7% EX5H 5 (& 1).
ARTHE, SROOSEORE, MELR L%

s ;.Qx%)ﬁv$m e m&%U7JU/2t/9— AR ARIRE
T NSTRR MEnREeNt = =
Ca -,'-EUEEHEF']* *[I = _%*__,-;,; _-

RHP%ﬁ&u EHEBESb DN VAR
YD—DTH5HIS6110 DY — & fetofk o
FANBOSZHEZFIHAL T, BEHET 7ETS
FETHE (A1), 5, OEEE»S T/
L DNA ZHE8 L, Poull TYIRE, BRIKEN X AT
5, @5 L7-DNA #BICEE L, L/
IS6110 7u—7 L RIn a4, R L72/NY K2k
s, EVHIHbDTH5.

RFLP 3#r T3, Q¥ ¥ > 7ay 54 v F7pa
BE7 1ug DLEOMBEDE  DNA BULELDT,
EEEELZTNELRSTERMIS 225 (2~3 8
M), @IS6110 D 3 ¥ —HH L WERIdfER %
Vv, @Y FOERZRIRTHIT 50T, BR
TKEIR S IV OIREEIZ L D ERIEHT S, £07:
b, SHRETOT—- s RBEUHEIITER
W, BEORENHDL. T, KETHEHEEAD
DNA 53 #BBL T, BELZEBBLDIZ 4~
5 BJA%T%F% WL THETHL., LrL,
TRELHIMN L WD, IOSEILEKE

®1 %ﬁfﬁ?&%&f@ﬁf?ﬁ

S | ATERSE | ! -
jﬁm%f.:ﬂ'ﬂéﬁtﬁé&m" G- | RREME | EE
- P T o DR
g L . | DNA B5) | P
RFLP Ty T4 YT i 4~5HY i & O § &
zﬁij{EyfumWFybjnvf4y7§ 2B 1 o# B EY~w
VNTR 'PCR R = R - T < T

Vi 1pug Wb DNA HUBER 728, ERERIC ti#ﬁ%@{%%%%%ﬁbf {Tid% naf.,cw
2 BAREMICBIT 2R EEEEOEEIER T 5.
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B EATH). BRI, SV Ry — v OMEE LTREENS (L— 2 1~6). BIRIZERKE LS FEY—
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Bk DREH
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/ o ARUISAEVIR
= I54T—
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B2 RRUIZAEVTE
A BT A DREFICARRE A 774 <= %PV T PCRETER S0 -T2 SHT 5.
LEHMLBAFEy b LERE TO— T EDORET, AR—4— DNA DFEEZHHS
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Btk —L———{T T FN—F 1 ——FF—— 2-322
Ckk . T { T ——~ T I T F———F}— 1-2-5-1
3 VUNTR X

A Y/ ntbtni=H554
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MEIRE PCREEIC L D IMIR L, PCR BEY DS TEH 41 K

LEEH

B ! ¥ VNTR I AN L, ZhENOBELEEZRYIL TR ET 5. HROMA

b L), BTG U ATTEETH 5.

RIS O EIR A & 7 > Tl
3 2RU TSV T

g&%f/ L b2 36 bp 2 6 % A direct repeat
(DR) #FETHHEEIFH Y, ThoHo DRIZE
7o 5 IEFEBCHI THERL & /2 A X — 4 — DNA (37~
41bp) ENLTHELR->TW5E, 1~43FEBFTOD
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AKX FETIIRY 25— EEEE (PCR)
AL THONT 4570, 2 HCHESELNS,

RRKFEEICIRE BB E LTHR IR TY
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ETR (exact tandem repeat)
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MIRU-VNTR 12

QUB (Queen’s University Belfast) 4~11

15 (24)

JATA (12)-VNTR 12
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Oy NEETOBEERGTR T — 5 N— A
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